メンエキ オウトウ ニ カンスル カクリツ モデル ニツイテ シュヨウ メンエキ オウトウ ノ モデルカ ニ ムケテ ダイ7カイ セイブツ スウガク ノ リロン ト ソノ オウヨウ by 道工, 勇
Title免疫応答に関する確率モデルについて : 腫瘍免疫応答のモデル化に向けて (第7回生物数学の理論とその応用)
Author(s)道工, 勇








On a Random Model for Immune Response
(Toward a Modelling of Antitumor Immune Responses)
Isamu D\^oku
Department of Mathematics, Faculty of Educauon
Saitama University, Saitama, 3S8-8570 JAPAN
idokuDmath. edu. $s$ a$it$ama-u. ac. jp
We consider the mathematical modelling of immune response to the cancer cells. Usually, normal cells
$N$ are transformed into irregular ones by some reasons, with the result that tumorigenic process of cells
proceeds. On the other hand, a group of immune cells invokes the so-called immune response against
the canceration, which is a central role in host-defense mechanisms. In this article we shall focus our
mind on the immune response in the transformation period and in the disorder proliferation period
of cancer cells, and we aim at construction of a random model which can describe the cytotoxic
effect of effectors (such as natural killer cells, cytotoxic $T$ cells, and macrophages, etc.) against
the cancer cells $X$ , and we would like to explain the qualitative properties of peculiar phenomena
related to immune response, by analyzing the model mathematically. We divide our purpose into
two categories: one is the short-term purpose, and the other is the long-term purpose. As for the
short-term purpose, we raise the following three: (i) To construct a mathematical model which is able
to describe the cytotoxic actions of effectors against cancer cells (here we propose such a stochastic
model); (ii) To analyze the model mathematically; (iii) To study the qualitative properties of the
biological phenomena related to immune response. As for the long-term purpose, in the near future
we are going to explain the following: (iv) To explain an extraordinary phenomenon (such as the
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superprocess) ( DW ) $M_{F}\equiv M_{F}(\mathbb{R}^{d})$
$\mathbb{R}^{d}$
$P(\Omega)$ $\Omega$ DW
$X=\{X_{t};t\geq 0\}$ $\mathbb{P}\in \mathcal{P}(C(\mathbb{R}_{+};M_{F}))$ :
$\varphi\in$ Dom$(\Delta)$ $M_{t}(\varphi):=\langle X_{t},$ $\varphi\rangle-(X_{0},$ $\varphi\rangle-\int_{0}^{t}(X_{s},$ $\frac{1}{2}\Delta\varphi\rangle ds$ $\mathbb{P}-$
2 $\langle M(\varphi)\rangle_{t}=2\gamma\int_{0}^{t}\langle X_{s},\varphi^{2}\rangle ds$ [11]. $\langle\mu,$ $f\rangle$ $f$
$\mu$ $\int fd\mu$ [1].
1. DW $X=\backslash \{X_{t};t\geq 0\}$ $\varphi\in C_{b}^{+}(\mathbb{R}^{d})\cap$ Dom$(\Delta)$
$E[\exp(-\langle X_{t}, \varphi\rangle)]=\exp(-(X_{0}, u(t, \cdot)\rangle)$ $u\equiv u(t, x)$ :
$Tt\partial u_{=\frac{1}{2}\Delta u-\gamma u^{2}}$ with $u(0, x)=\varphi(x)$ $C_{b}^{+}(\mathbb{R}^{d})$ $\mathbb{R}^{d}$
$\exp(-\langle X_{t}, \varphi\rangle)-\exp(-\langle X_{0}, \varphi\rangle)-\int_{0}^{t}\exp(-\langle X_{8}, \varphi\rangle)(-(X_{s}, \frac{1}{2}\Delta\varphi\rangle+\gamma\langle X_{8}, \varphi^{2}))ds$ (1)
- DW $X=\{X_{t};t\geq 0\}$ (the branching property)
$\nu$ $P_{t}(\cdot, \nu)$





divisible) $\mathbb{R}^{d}$ ( $E$ ) $X$
$\{X_{i}\}$ $X=X_{1}D+X_{2}+\cdots+X_{n}$
(intensity measure) $\mu$ Poisson
$\mu/n$ $n$ Poisson (superposition)
2. ( ) $X$ $(E, \mathcal{E})$
$X_{d}\in M_{F}(E)$ $m\in M(M_{F}(E))(m\neq 0)$ $\varphi\in$
$C_{b}(E)$ $\int\{1-e^{-\langle\nu,\varphi\rangle}\}m(d\nu)<\infty$,
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3: Canceration: Example of $Ra\epsilon$ protein
NK [10].
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4: Effectors; Cytotoxic effect of macrophage
N $\ni$ n $\downarrow$ $N_{n}$
$n$ $n$ $N_{n}$ ; $\Omegaarrow N$ $N$- $\xi_{n}$ $n$
( $=$ ) ( $=$ ) $\{\gamma_{n}\}_{n}$
$\gamma_{n}arrow\gamma\in \mathbb{R}^{+}$ $(as narrow\infty),$ $E[\xi_{n}]=1+\frac{\gamma_{n}}{n}$ $Var(\xi_{n})=\sigma_{n}^{2}arrow\sigma^{2}(<\infty)$ $(as narrow\infty)$
















$h$ $L^{2}$ $\rho(x)=\int h(x-y)h(y)dy$
$k_{0}=c^{2}+\rho(0)$ , $k(\epsilon)=\epsilon k_{0}$ $L_{\epsilon}=k(\epsilon)\Delta$ $L_{\epsilon}$
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$\Delta$
$dx_{i}(t)= \int h(y-x_{i}(t))W(dt, dy)+\epsilon dB_{t}^{i}$ (4)
2
$(x_{i},$ $x_{j} \rangle_{P}=\int_{0}^{t}\rho(x_{i}(s)-x_{j}(s))ds+\epsilon^{2}t\delta_{ij}$ (5)













1 $x_{i}^{(n)}(t)$ $n$ $i$
$t$ $i=1,2,$ $\ldots,$ $N_{n}(t)$ $N_{n}(t)$ $t$







$X=(X_{t};t\geq 0)$ (i) (ii) (iii) (iv)
1. ( )
$X_{n}(0)= \frac{1}{n}\sum_{:=1}^{N_{n}}\delta_{x_{*}}(n)$ (7)
$\mu(\in M_{F})$ $\{X_{n}(\cdot)\}$ $X=\{X(\cdot)\}$
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$F(\mu)$
$\mu$ $\delta F(\mu)/\delta\mu(x)$ 1
$\frac{\delta F(\mu)}{\delta\mu(x)};=\lim_{\epsilon\downarrow 0}\frac{F(\mu+\epsilon\cdot\delta_{x})-F(\mu)}{\epsilon}$ (8)
$\delta^{2}F(\mu)/\delta\mu(x)^{2}$ $\delta^{2}F(\mu)/\delta\mu(x)\delta\mu(y)$ 2 $A$ $X_{t}$
$AF( \mu)=\int_{R^{d}}L_{\epsilon}\frac{\delta F(\mu)}{\delta\mu(x)}\mu(dx)$




$CF( \mu)=-\int_{R^{d}}q\frac{\delta F(\mu)}{\delta\mu(x)}m(dx)$ (11)




2. ( ) $\mu\in M_{F}$ $X=\{X_{t};t\geq 0\}$
$(\mathcal{L}, \delta_{\mu})-MP$ $X_{t}$ $M_{F}$
$C([0, \infty);M_{F})$ $\mathbb{P}_{\mu}$ ie., $\exists_{1}\sim\in \mathcal{P}(C([0, \infty);M_{F}))$





(cf. [4]). 1 $c$




$\mathbb{P}_{\mu}(X_{t}(B)>0$ , $t\geq 0|X(\cdot)$ survives $)<1$ (13)
$X_{t}$ (locally extinctive)
$B$ $\zeta_{B}$
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